We sought to evaluate the risk of intrauterine fetal death (IUFD) in small-for-gestational-age (SGA) fetuses.
T he concept of appropriate weight for gestational age was first described in the 1960s with the development of birthweight nomograms according to gestational week. 1 Subsequently, small-for-gestational-age (SGA) infants were defined as those with birthweights Յ10th percentile for their gestational age. 2 Using this classification system, it was observed that infants born SGA had increased rates of perinatal morbidity and mortality at each gestational age relative to those infants not SGA. 3 While these studies and others have made the case that altered fetal growth is associated with adverse perinatal outcomes, [1] [2] [3] [4] recent studies have attempted to determine whether or not the 10th percentile is a clinically useful cutoff. [5] [6] [7] [8] Additionally, research has focused on identifying indicators of pathologic growth restriction compared to normal growth in a constitutionally small fetus. The addition of Doppler velocimetry to perinatal assessment has greatly enhanced clinicians' ability to identify fetuses with pathologic growth restriction related to altered umbilical artery blood flow. [9] [10] [11] [12] Moreover, the routine use of Doppler in high-risk pregnancies decreases induction of labor and antepartum admission, suggesting that in the absence of abnormal Doppler findings SGA pregnancies may benefit from expectant management rather than early delivery. 13 Despite these advances, clinical decision making related to timing of delivery for SGA pregnancies remains a challenge for many clinicians. Consider, for instance, a 34-week pregnancy with reassuring umbilical artery Doppler, but an estimated fetal weight (EFW) indicating growth Ͻ3rd percentile. The morbidity associated with late preterm delivery is significant and yet many clinicians would be hesitant to commit to expectant management in a fetus at such a low centile. Given this clinical uncertainty, we have attempted to focus on the risk of intrauterine fetal death (IUFD) in SGA pregnancies with a goal of providing estimates of risk for fetuses Ͻ3rd, Ͻ5th, and Ͻ10th percentiles compared to non-SGA pregnancies by week of gestation. To further evaluate and refine the significance of fetal growth, we have also compared the risk of fetal death by cohorts of fetuses Ͻ3rd percentile, 3rd-5th percentile, and 5th-10th percentile compared to non-SGA pregnancies. It is our hope that having greater resolution of the risks faced by SGA pregnancies will aid in patient counseling and clinical decision making.
MATERIALS AND METHODS
To examine the risk of IUFD at a given week of gestation based on fetal growth, we conducted a retrospective cohort study of all singleton neonates born to women in the United States in 2005. The period-linked live birth and fetal death files from the National Center for Health Statistics (NCHS) (Centers for Disease Control and Prevention) for the year 2005 were exported and aggregated to form a single database comprising all fetal deaths and births from Jan. 1 through Dec. 31, 2005. Data were divided based on calculations used to categorize fetuses Յ3rd, 3rd-5th, or 5th-10th percentile for birthweights and those fetuses at or above all remaining percentiles for birthweights. We excluded all multiple gestations and major congenital anomalies. Approval for this study was obtained from the Oregon Health and Science University Institutional Review Board.
The NCHS data set included month and year of birth, gestational age at delivery, birthweight, delivery method, and plurality. Gestational age was calculated according to delivery date and last menstrual period (LMP). If that information was unavailable the clinical estimate of gestational age on the birth certificate was used (the standard technique for data presentation in NCHS publications).
Fetal death was defined as IUFD prior to delivery, excluding cases of voluntary termination. Multiple gestations, anomalous fetuses, and all deliveries Ͻ24 weeks' gestation and Ͼ41 6/7 weeks' gestation were excluded.
Using the entire population of 2005 singleton births without congenital anomalies as the reference, we generated 3 sets of SGA thresholds based on percentiles of birthweight for gestational age: the Ͻ10th percentile (as SGA is commonly defined), the Ͻ5th percentile, and the Ͻ3rd percentile. The risk of IUFD was calculated out of the population of ongoing pregnancies representing at-risk fetuses at a particular gestational age. Thus, risk of fetal death was calculated as the number of IUFDs at a particular week of gestation divided by all ongoing pregnancies at a given gestational age and expressed as rates per 10,000. The number of ongoing pregnancies at the beginning of each week of gestation was calculated by consecutive subtractions of deliveries from the previous week of gestation, live born or otherwise. When examining the risk of IUFD at the 3rd percentile, this cohort included all neonates and stillbirths born with a birthweight Ͻ3rd percentile. This was similar for the 5th percentile, 10th percentile, and the non-SGA groups.
RESULTS
The NCHS database included 3,399,816 nonanomalous singletons delivered between 24 0/7-41 6/7 weeks' gestation. Of these, 96,825 were Ͻ3rd percentile, 157,922 were Ͻ5th percentile, 322,161 were Ͻ10th percentile,and3,077,655wereՆ10thpercentile. Maternal age, parity, race, smoking history, and educational status differed in the birthweight groups (Table 1) .
The risk of IUFD is greater for lower percentile thresholds of SGA pregnancies at all weeks of gestation ( Table 2) . The 3rd-percentile risk reaches a nadir at 31 weeks' gestational age with a risk of 12.2 IUFDs per 10,000 at-risk fetuses. The 5th, 10th, and Ն10th percentiles all reached nadirs at 32 weeks with risks of 9.3, 6.4, and 0.8 IUFDs per 10,000 at-risk fetuses, respectively. As the risk begins to climb after 32 weeks, the rate of change is fairly stable until 39 weeks, after which point the steepness of the slope increases. Maximum risk of IUFD was among postterm pregnancies for all percentile groups with the 3rd percentile as high as 58.0 IUFDs per 10,000 at-risk fetuses, 43.9 for the 5th percentile, and 26.3 for the 10th percentile compared to 5.1 for non-SGA gestations.
To further characterize those fetuses facing the greatest risk of IUFD, additional comparisons were made using birthweights between the 3rd-5th percentiles and between the 5th-10th percentiles ( Table 3 ). Unsurprisingly, the 3rd-percentile group faced the highest risk with an ap- 
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proximately 3-fold increased risk over the 3rd-5th-percentile group in nearly all gestational ages and a 4-to 7-fold increased risk over the 5th-10th-percentile group.
When presented graphically, the risk of IUFD is J-shaped for each category with the greatest risk of IUFD in the late-term and postterm periods ( Figure) .
Number needed to treat (NNT) analysis was conducted to estimate the number of immediate deliveries required to prevent 1 additional IUFD. Comparing 
COMMENT
These findings substantiate previous studies regarding the risk of IUFD in SGA and non-SGA pregnancies, and then further delineate this risk by week of gestation and in 3 percentile ranges within the Ͻ10th-percentile group. [2] [3] [4] [5] [6] [7] [8] In all cohorts of SGA pregnancies the risk for fetal death was greater at all gestational ages than for non-SGA pregnancies. In the late preterm period, the risk rose for all pregnancies with the greatest risk faced by the smallest fetuses in late term and postterm pregnancies. When looking at different cohorts within the Ͻ10th percentile we found that those with birthweights in the Ͻ3rd percentile had a much greater probability of IUFD with each advancing week of gestation and that the magnitude of this risk was consistently 3 times higher than the closest cohort of the 3rd-5th percentile and 4-7 times higher than the 5th-10th percentile.
Such a dramatic difference in IUFD rates raises the question of whether or not the 10th-percentile cutoff continues to be a clinically relevant threshold for classifying SGA pregnancies. The intent of classifying SGA fetuses is to identify those most at risk for poor outcomes, with IUFD being the gravest in utero concern. Overestimating the risk of IUFD based on a narrow percentile classification system comes with the possibility of increased interventions, costs, and iatrogenic morbidity and mortality. Conversely, underestimating the IUFD risk secondary to a broad percentile classification system comes with the chance of fetal death that may have been avoided with earlier delivery. If there is to be utility to SGA classification, it needs to be set at a point where more benefit than harm comes from intervening in those pregnancies at greatest risk. In our study, the risk of IUFD was clearly greatest in the Ͻ3rd-percentile cohort. Comparing this in terms of NNT, the number of immediate deliveries required to prevent 1 IUFD at 34 weeks' gestation was 3.7 times higher in the 3rd-5th-percentile cohort and 6.1 higher in the 5th-10th percentile than the Ͻ3rd. By 39 weeks' gestation, the difference was 6.0 times higher in the 3rd-5th-percentile cohort and 13.7 times higher in the 5th-10th-percentile cohort compared to the Ͻ3rd percentile. Meanwhile the difference between the 3rd-5th-percentile and 5th-10th-percentile cohorts were nearly equivalent until 39 weeks' gestation when the 3rd-5th-percentile cohort was 2.2 times higher than the 5th-10th percentile. Thus, We acknowledge that our NNT calculations are limited in scope because they only account for 2 interventions, delivery or expectant management, and 2 outcomes, fetal death or live birth. This is a simplification of clinical practice and we recognize that many other risk factors, assessments, including Doppler ultrasound and antenatal testing, the impact of interventions and other perinatal outcomes are necessary for medical decision making. Nonetheless, we believe that our NNT calculations were justified in their ability to further demonstrate the magnitude of the increased risk faced by the lower percentile cohorts.
Once pregnancies have been appropriately identified as SGA, clinicians must still determine the optimal timing of delivery for fetuses facing increased risk of IUFD. After reaching a nadir around 32 weeks' gestation, the IUFD risk begins to rise among all pregnancies. This rate of change is most dramatic in the late preterm period. As the rates of IUFD begin to rise it becomes necessary to consider neonatal morbidity and mortality associated with immediate delivery vs expectant management. While the risks of neonatal morbidity and mortality in the preterm and late preterm period have been well established, it remains unclear to what degree size for gestational age impacts these risks. [14] [15] [16] [17] [18] Further complicating decision making, clinicians managing SGA pregnancies must differentiate pathologic growth restriction from constitutionally small fetuses. Uterine, umbilical, and fetal Doppler velocimetry are being combined with customized or established growth curves to help providers better estimate fetal survival and optimal timing of delivery. 12, 13 Although there is no set algorithm for determining the optimal timing of delivery of the SGA infant, this study adds granularity to the existing data on the risks faced by expectant management.
Even as this study is novel in its examination of fetal death in pregnancies categorized by the 3rd, 5th, and 10th percentiles, it is not without limitations. One of our study limitations was the use of birthweight rather than EFW. Accurate fetal weight estimation is the cornerstone of making management decisions based on morbidity and mortality associated with lower birthweight groups. A 2005 metaanalysis examined 11 studies comparing ultrasound EFW with birthweight and found the EFWs to be compromised by large intraobserver and interobserver variability. 19 Given the inconsistency of the errors in EFW, it is difficult to approximate the direction or degree of impact this has on our findings.
Additionally, our study is limited by the dating available in the US natality database, which is based primarily on LMP. Studies show that using LMP alone to estimate gestational age is subject to both random error and a tendency to overestimate the duration of gestation compared to dating using ultrasound findings or clinical judgment. [20] [21] [22] [23] This suggests that the nadir of IUFD risk may be earlier and that the rate of increase in IUFD risk may be slightly steeper at term than this study reports. Moreover, our birthweight categories may erroneously capture appropriately sized infants who measure small for their misassigned gestational age. Furthermore, the data captured in the national database is recorded at time of delivery, which may overestimate gestational age if fetal death occurred before delivery or alter the birthweight if the fetus lost or gained weight in utero postmortem.
Finally, these findings use observational data and are based on only one aspect of neonatal outcome in SGA pregnancies. We acknowledge the absence of neonatal and maternal morbidity and mortality in our examination. Ideally, future studies will include decision and cost analyses to allow for simultaneous comparisons for short-and long-term neonatal outcomes, maternal preferences, and costs to the health care system as well as studies aimed at evaluating and improving the sensitivity and specificity of tools and tests used to identify and qualify risk groups such as Doppler velocimetry, methods for fetal estimation, and customized growth chart.
Despite these limitations, we believe this study contributes to the literature related to identification and evaluation of the SGA fetus. To the extent that algorithms exist for prompting additional fetal assessment in the setting of possible growth restriction, we hope that this more refined estimate of the risk of IUFD facilitates higher suspicion of risk of fetal death among the smallest percentile fetus. Additionally, we hope these findings may spur discussion regarding revision of EFW cutoffs for determining SGA. f
